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We develop the light-cone color dipole description of highly asymmetric diffractive interactions 

OO \ of left-handed and right-handed electroweak bosons. We identify the origin and estimate the 

^ \ strength of the left-right asymmetry effect in terms of the light-cone wave functions. We 

O \ report an evaluation of the small-x neutrino-nucleon DIS structure functions xF^ and 2xFi 

^ ■ and present comparison with experimental data. 
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At small Bjorken x the driving term of the inclusive/diffr active excitation of charmed and 
(anti)strange quarks in the charged current (CC) neutrino deep inelastic scattering (DIS) is 
the l^+-gluon/Pomeron fusion, 

W+g cs (1) 

and 

W+JP cs. (2) 

Different aspects of the CC inclusive and diffractive DIS have been discussed in [1, 2]. 

In the color dipole approach [3, 4] (for the review see [5]) the small-x DIS is treated in terms 
of the interaction of the cs color dipole of size r with the target proton which is described by 
the beam- and flavor-independent color dipole cross section (t(x, r). Once the light-cone wave 
function (LCWF) of a color dipole state is specified the evaluation of observable quantities 
becomes a routine quantum mechanical procedure. In this communication we extend the 
color dipole analysis onto the CC DIS with particular emphasis on the left-right asymmetry 
of diffractive interactions of electroweak bosons of different helicity. We derive the relevant 
LCWF and evaluate the structure functions xF^, AxFa and 2xFi. We focus on the vacuum 
exchange dominated leading \og{l/x) region ol x <^ 0.01. 

At small X the contribution of excitation of open charm/ strangeness to the absorption cross 
section for scalar, (A = 0), left-handed, (A — —1), and right-handed, (A — W-hoson of 
virtuality Q^, is given by the color dipole factorization formula [6, 7] 

ax{x.Q^) = / dzdh Y: \^l"'%z,v)\'a{x,r). (3) 

Ai,A2 

In Eq. (3) r) is the LCWF of the \cs) state with the c quark carrying fraction z of the 

light-cone momentum and s with momentum fraction 1 — z. The c- and s-quark helicities 
are Ai ~ ±1/2 and A2 = ±1/2, respectively. The W'^ — > cs-transition vertex is specified as 
follows: 

gUcsC'Ju.il - 75)5, 

where Ucs is an element of the CKM-matrix and the weak charge g is related to the Fermi 
coupling constant Gp, 



The polarization states of W-boson carrying the laboratory frame four-momentum 



g = (i/,0,0, V^2 + Q2) (5) 
are described by the four- vectors e^, with 

e± = T^(0,l,±^,0) , (6) 

the unit vectors and Cy being in q^- and gj^-direction, respectively. We find it convenient to 
use the basis of helicity spinors of Ref . [8] . Then, vector {V) and axial- vector (^4) components 
of the LCWF 

<^>]:''\z,v) = Vt''\z,v) - A\^^'\z,v) (7) 



are as follows: 



+ {rn — — z)m — zji]] Ko{er) 



If A = ±1 



-\-{m -\- //)[(! - z)m -\- z^Jt\\ Ko{£r) 

+tSx,M^-''^'Hm + f^)eMer)} . (9) 



V,'^''^{z,r) = -^^^^ {5a„a.5a,2aJ(1 - z)m + zi,]Mer) 



-i{2Xi)Sx„-x,e'^'f' [(1 - z)Sx,-2x, + zSx,2x,] eK,{er)} , (10) 



^Ai,A2| 



z,r) 



27r 



{(^Ai,A2(^A,2Ai(2Ai)[(l - z)m - zij]Ko{er) 



+i(5A,,-A,e*^^ [(1 - ^)<5a,-2Ai + ^^A,2Ai] eK,{er)} , 



where 

= z{l - z)Q^ + (1 - zW + V (12) 

and Ki,{x) is the modified Bessel function. We do not consider Cabibbo-suppressed transitions 
and 

aw = 5^/47r. 

The quark and antiquark masses are m and fi, respectively. The azimuthal angle of r is 
denoted by 4>. To switch —>■ W~ one should perform the replacement m ^ in the 
equations above. 

The diagonal elements of density matrix 



Ai,A2 



entering Eq. (3) are as follows: 



Ai,A2 ^ 



+ 



A 



Ai,A2 



(27r)2g2 



[2(5^2;(1 - z) + {m- //)[(! - z)m - z/i] 

+ [2Q^z{l - z) + {m + - z)m + zfj]] 
xKoier)^ + [(m - /i)^ + {m + ii)^]e^ Ki{erf} 



and for A = A' = ±1 



(13) 



(14) 



+1/2+1/2 
+1 



+ 



p+i+i{z,r) = * 



-1/2+1/2 
+1 



(15) 



P-i-i[z,r) = 

SawNc o 
— -z 



1/2-1/2 



+ 



1/2+1/2 



(16) 



(27r)2 

At ^ the terms ~ / Q"^ , p? / Q"^ in Eq. (14) remind us that W interacts with the 
current which is not conserved while the S-wave terms in Eqs. (15) and (16) proportional to 
m? and /^.^ remind us that this current is the parity violating {V — A)-current. 



The density of quark-antiquark cs states in the transversely polarized VF-boson is 

I (1 — z) m + z II KQ[er) 



(27r)2 

+ 



{1-zf + z']e'K^{erf} . (17) 



One can see that our poo and ptt coincide with the probability densities and |^'tP of 

Ref. [1] (see also Ref. [9] where 2;-dependence of transverse and longitudinal CC cross sections 
has been discussed) . 

The momentum partition asymmetry of both p-i-i and p+i+i is striking, the left-handed 
quark in the decay of left-handed gets the lion's share of the light-cone momentum. 
The nature of this phenomenon is very close to the nature of well known spin-spin correlations 
in the neutron /3-decay. The observable which is strongly affected by this left-right asymmetry 
is the structure function of the neutrino-nucleon DIS named F^. Its definition in terms of ctr 
and (Tl of Eq. (3) is as follows: 

2xF^{x, Q^) = U(x, g2) - (7«(x, . (18) 

To estimate consequences of the left-right asymmetry for F3 at high Q"^, such that 

(19) 

one should take into account that the dipole cross-section a{x, r) in Eq. (3) is related to the 
un-integrated gluon structure function J-'{x, k^) = dG{x, «;^)/91og as follows [10]: 

TT^ 9 , 9, /■ dK^K^ 4[1 — Joinr)] 9, , , 

r) = -fas(^) I (,.^^^). J . (20) 

In the Double Leading Logarithm Approximation (DLLA), i.e. for small dipoles, 

a(x,r)^^r'as{r')G(x„A/r'), (21) 

where //g = l/i?c is the inverse correlation radius of perturbative gluons and A ~ 10 comes 
from properties of the Bessel function Jo{y)- Because of scaling violation G{x, Q^) rises with 
Q^, but the product as{r'^)G{x, A/r"^) is approximately flat in r^. At large the leading 



contribution to ax{x, Q'^) comes from the P-wave term, e'^Ki{ery, in Eqs. (15) and (16). The 



asymptotic behavior of the Bessel function, Ki{x) ~ exp(—x)/^27r/x makes the r-integration 
rapidly convergent at £r > 1. Integration over r in Eq. (3) yields 

..«/;4«.G.f|^log| (22) 

and similarly 

an oc dz^^asG - -^^og-. (23) 

The left-right asymmetry certainly affects also the slowly varying product asG which for 
the purpose of crude estimate is taken at some rescaled virtuality ~ which is approxi- 
mately/logarithmically the same for ul and aR. Hence, 

asG ^ , ^, 

aL - (TROC-^ log— . (24) 

Notice that in spite of the apparent asymmetry of the ^-distribution both and aR get 
equal scaling contributions from the integration domains near by the peaks z = 1 and z = 0, 
respectively. Therefore, xF^ is free of the end-point contributions. 

At — > and jj? /rn^ <^ 1 the cross sections gl and ur are as follows: 

agG ni^ asG 
ctl oc — — log — , an oc — —. (25) 

We evaluate xF2,{x, Q^) making use of Eqs. (3) and (20) with the differential gluon density 
function T{xg,K^) determined in [11]. As reported in [11], the approach developed works 
very well in the perturbative region of high and small x {x < 0.01). Besides, a realistic 
extrapolation of T{xg,K^) into the soft region allows calculations at lowest also [11]. In 
our calculations for <j = 2(m^ -|- jj?) the gluon density T{xg, k^) enters Eq. (20) at 
the gluon momentum fraction Xg = x{l + M^/Q^). For large virtualities, > A'P, wc put 
Xg = 2x. Direct evaluation of the proton DIS structure function F2p{x, Q"^) shows that this 
prescription corresponding to the coUinear DLLA ensures a good description of experimental 
data on the light and heavy flavor electro-production in a wide range of the photon virtualities 
down to ~ 1 GeV^. The constituent quark masses are as follows = md = 0.2 GeV, 
m, = 0.35 GeV and rrir — 1.3 GeV. 
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exchange 



Data points are CCFR measurements of xFj,{x^ Q"^) [12]. Curves show the vacuum 
contribution to xF^{x, Q^). 



The xFs data reported by the CCFR Collaboration are presented in Figure 1. Shown is 
the Q^-dependence of xF^ for several smallest values of x [12]. It should be emphasized that 
we focus on the vacuum exchange contribution to xF^ corresponding to the excitation of the 
cs state in the process (1). Therefore, the structure function xF^ differs from zero only due to 
the strong left- right asymmetry of the hght-cone \cs) Fock state. Shown by the sohd hne in 
Fig. 1 is the Pomeron exchange contribution to xF^. The latter can be interpreted in terms 
of parton densities as the sea-quark component of xF^. 

Looking at Figure 1 one should bear in mind that the smallest available values of x are 
in fact only moderately small and there is also quite significant valence contribution to xF^. 
The valence term, xV is the same for both vN and I'M structure functions of an iso-scalar 
nucleon. The sea-quark term in the xF^^ denoted by xS{x, Q"^) has opposite sign for xF^^ , 
the substitution m <-> in Eqs. (15) and (16) entails ul ^ (Tr- Therefore, 



xF. 



vN 



xV + xS, 



(26) 



and 



xF. 



VN 



xV - xS. 



(27) 



AxF. 
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Figure 2: AxFa data as a function of [13]. Shown by solid lines are the results of color 
dipole description. 

One can combine the vN and vN structure functions to isolate the Pomeron exchange term, 



(28) 



The extraction of AxF^ from CCFR z/^-Fe and i^f^Fe differential cross section in a model- 
independent way has been reported in [13]. Figure 2 shows the extracted values of AxF^ as 
a function of for two smallest values of x. Also shown are the results of our calculations. 

After evaluating the difference of left and right cross sections let us turn to their sum and, 
as a consistency check, evaluate the structure function 



2xFi{x,Q') 



aT{x,Q ), 



where 



(29) 



(30) 



(7L{x,Q^) + aR{x,Q^) 

The CCFR Collaboration measurements [14] of the structure function 2xFi as a function of 
for three values of x are shown in Fig. 3. Theory and experiment here are in qualitatively 
the same relations as in Fig. 1. In small-x region, x < 0.01, dominated by the Pomeron 
exchange our estimates are in agreement with data. For larger x the non- vacuum contributions 
enter the game and a certain divergence shows up. This divergence will increase if we take 
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Figure 3: CCFR measurements of 2xFi{x,Q^) [14] compared with our estimates. Curves 
show the vacuum exchange contribution to 2xFi{x, Q^). 

into account the nuclear effects. Indeed, the CCFR/NuTeV structure functions xF^^ and 
xF^^ are extracted from the uFe and PFe data. The nuclear thickness factor, T{b) = 
J dzn{y/z^ + ^), where b is the impact parameter and n{r) is the nuclear matter density, 
/ (Prn{r) — A, makes the nuclear cross section 

at = A{a,) - 5at (31) 

with the nuclear shadowing term 

5atc^l{al)ldb'T(br, (32) 

very sensitive to the left-right asymmetry of the z/-nucleon cross sections. In Eqs. (31) and (32) 
((7a) = {^x\a{x,r)\^x) and {aj} — {^x\a{x,r)'^\^x). Hence, the nuclear shadowing correction 



SxFs ^ , f ""^""i , ""^^ / dy'Tibf, (33) 



which should be added to xF^ extracted from the uFe data to get the "genuine" xF^. Since 
(al) (xl/fx^ and (a|,) oc this correction is large, positive- valued and does increase xF^ 

of the impulse approximation. 

Summarizing, we developed the light-cone color dipole description of the left-right asym- 
metry effect in charged current DIS at small Bjorken x. We compared our results with experi- 
mental data and found a considerable vacuum exchange contribution to the structure functions 
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xF^^ . This contribution is found to dominate the structure function AxFs = xF^ — xF^ of 
an iso-scalar nucleon extracted from nuclear data. Theory is in reasonable agreement with 
data but the nuclear effects are shown can make this comparison a somewhat more compli- 
cated procedure. The color dipole analysis of nuclear effects in the CC DIS will be published 
elsewhere. 
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